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(54) OPTICAL DATA RECORDING MEDIUM^ DATA RECORDING. AND REPRODUCING 
METHOD AND DATA REOORDING APPARATUS 

(57)Abstract: 

PURPOSE: To provide a write-once optical recording 
medium suitable for recording a signal reproducible by a 
CD player or a VD player and having excellent 
environmental resistance and high reliability. 
CONSTITUTION: A recording layer 3 having an alloy part 
based on at least one kind of an element selected from a 
group consisting of Au, Ag, Al and Cu at a part at least 
in the surface direction thereof is provided to the signal 
surface 2 of a substrate 1 directly or through a thermal 
deformation layer composed of a substance having-^heat 
resistance lower than that of the substrate. Pulse like 
light energy is allowed to scan along a recording track 
and thermal deformation such as the change of atomic 
arrangement, a melt mixing phenomenon, deformation or 
the generation of cavities is generated in the recording 
layer at the part scanned by high level light energy 
accompanied or not accompanied by the deformation of 
he substrate or thermal deformation layer to write once 
data. 
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1 1 atSOffl-^Etc. ^pti < 1 1 IB^Si^^ 

< ttBiffi^lBKO— Saifi [Au, Ag, Al, Cu] 7C 

[Au, Ag, Al, cu) 7tmmi]^i!>m^^^fz'pfi 

< irt l^lSOTC^i, [Ge, Si, Sn, Pb, G 
a, In, Tl, Sb, Bi, Z nl 

[Au. Ag, Al, Cu) ^mmi}^hmm.-^Mz.'pisi 

< tt> l«?i<?>7£^i. [Ge. Si, Sn, Pb, G 
a, In, Tl, Sb, Bi, Zn] 

[Au, Ag, Al. Cu) 7mmi)^hmi^ntz.'pfi: 

< t-b l^(?>7nm*±fife5J-ti-5«Jit. [Ge, S 
i. Sn, Pb, Ga, In, Tl, S b, Bi, Z 

[Au, Ag. Al, Cu) yt^1}>hmi^ntL'P'fii 

< t 1 ffiSWTC^ t . (N, O, H, He, Ne, A 

r, Kr, Xe] Ji.mmt^^'mi^fltz.'pfi< ki^ im 

mo^m. 'bL<i± (B. c, p] 5mmii^^m!i^ki 

[Au, Ag, Al. Cu) ^mm-^bmSi^iiti'ptSi 

< tt. lffilS<07£^i, [Ge, Si, Sn, Pb, G 
a. I ri, Tl. Sb, Bi. Zn} Ttmmfi^hWSi^ 

iMt'pi-£<k%inm<r>^mi:^^i^^^t\^. [n, 

O, H, He, Ne, Ar, Kr, XeJ ^^Wt^hM 

^^i\tL'pii<t\,imm<oytm. t,L,<i* [b. c, 
p) itmm>^mi^^nfc'pfi<. t ^ immoytmi:^ 



(2) ^mW- 5-169819 

2 

i^Ji^Ji, (Au, Ag, Al, Cu] 7t;5!lSf;i^^)ilW^ 
[Ge, Si. Sn, Pb, Ga, In, Tl, S b, 

Bi, Zn] 7tmmt)-*hm^$ivrzpfj:< thimm<r> 
10 ommm^hfj: o , ^mmi^(0{i^^ < i 1. 1 e«-. 

[N. O. H, He, Ne, Ar, Kr, Xe) x^S^ 
[B. C, P) 7E;^iB**^e>5g*^$*i,fc'>;te< it la® 

1 0 1 m^m i is«(^i3t^T. ±B3Basitii 
[Au, Ag, Al, Cu) ^mmti^^msi^ixti 

(iftt< t^imm(r>7tmt. [Sc. Ti, V, Or. 
Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, T 
20 0 , Ru, Rh. Pd, Cd, Hf, Ta, W, Re, 

os, ir, p t] -7tmm*-bm^^ti±&fi< khi 
mm(ojimt^^ttmMcxm^^tix^^i, z t in^w 

*v [Au, Ag, Al, Cu) Ttmm^^hm^^nit 

&tt<ti^lWmOjnm}:^ [Ge. Si. Sn, P 

b, Ga, In, Tl, Sb, Bi, Zn] 7tM^i>^<b 

c, Ti, V, Or, Mn, Fe. Co, Nl, Y, Z 

30 r, Nb, Mo. Tc, Ru, Rh, Pd, Cd, H 
f , Ta, W, Re, Os, I r, P t) TcmmA^h'M 

fii^Hfc'>!if< t h imm(Dm^^tiumcxm^^ 

±:ms.mmAK mm:J7\^\^ii3-m^<7>um^xmi&^i^ 
xv>^:iti:mti:-r^mmt&»m{K 

±mmmmA\ m^:fji^\cm^t)mitLx\^ ^ s sct 

40 1 41. mnm lottznn mm\cio\,^x. 
±mmmiK [au, Ag. ai, cuJ ^mmi^^ 

k. [Ge, Si, Sn, Pb, Ga, In, Tl. S 

b, Bi. Zn] Ttmm^hm^^titcpfiKthim 
m<D7imi^^t-r^mmtic^^xMm$fi^2m 
&±(omsm^i>fj: 5 . ±m&mm<D'p^£ < ^ 1 1 Ji 

{C. [Sc. Ti, V, Cr. Mn, Fe, Co, N 
i, Y, Zr. Nb, Mo, Tc. Ru, Rh, P d. 
Cd, Hf, Ta.W, Re, Os, Ir, Ft) tcM 
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[if 1 6 ] mt^n. 1 ~ 1 Aw^e>\,-^-fi^tAz.^\^ 

[itsl?^ 1 9 ] f^r^iM 1 ~ 1 4fettWV^-m!5MC331/> 

Stg(??'^ff$ ^ fc>-f t , ia V'^/p w ^755 $ 
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^;d;5 OW/m ■ KE^T, 3t®i|3i*;45 1 5 %J!y±t 5 
Iit*il2 1] ^*:Sl~14lE«rov^T^^^>|^^3V^ 

Itl*il2 3] IS*«1~1 4Ei^^DV^-f|^75>|c^iV^ 
hHB^fe4fe(±iS|gBji^, fi^^mj^J45 8 0 0°C 

20 ^ 

[W*il2 4] 4a«rov>-ftL?5>t*3V' 
J: 'fc.ii^if^'tic^>^6;V^ife®i»£,?'J:S^^}l^Jl^r^;^Lr, /> 

!!C< t't>li^ffiirr&|tf5— [Au, Ag, Al, C 
50 ?'£<5iSa^?^SSr^UT, '>!'i< i:t,«!lffi;^iai<o-^lc 
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CAu, Ag, Ai. cu] 7i.mmii^hmm.^ntz'pt£ 
i D $ -ar/jiv tsais^ Lfc zi t t -f-si^iaiaia 

lo 0 0 1 ] 

mtho . 
10002] 

m^(os.m ='i^^<i' vt-^ (CD) zri--^^ 

trfj^'f^T-i^ (VD) T'l'— lrw»S.Jcmv ti* 

[00 0 3] fitjfcj: , a«±{c t- h^- h'umun 

I?, 'f-t^6<]7'it<Oi LTti, Te, B i /^ifSri^SiS^i 

^je, sg^^Si'^-lirTBE^SttfO, Te-Ge 

^, As-Te-Ge^, T e -Ol^tiifO)^^^ (ft 

$5, tfc. Au, Ag/j:^f^'^^f-g•^i^iai^Jit;ov^ 

Tl±, ^MBg5 4-1 1110 e-f-di^, ?#F^Bg6 2- 
l 8 3 0 4 2 iffc|Ea;*sfc.5. 

[0 0 0 4] ^ibic^ 3fiip, cd<;5^S(c#ot:, 

tf»B8¥2-i 68 4 46#^i|B(^fa^$i^^:^^5J:? 
mx'i} 5S9I^IS@Efb*fliJi t *J(H5c«!Ji L -c >i 5 fc © T- 
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[000 51 

[^^sas^itLi? i-rs^g] i:;i^T% coru— 
0 1 1 Tm^^m^<Dm-^^&7ii e 0 %iu 

±, 3Tm-^HBliB#cOiS-^^Ii^d5 3 0%->-7 0%. 
[0 0 0 61 L;0>5(c. ±ELtfife*(^taatWtgJiptif 

mmmmm^h'o . ;i©^75>?) tiiiESjc Dfe^v^ti 

[000 71 4^, Au. Aettif'kiStf^^m^mU 
fcrtPflSiiSrJl^fig-rSfcO (SIBBBSS 4-11110 6-^ 
30 ;^$r^W Lfctj© (4tB3(lg6 2-1 8 3 04 2^-'^m^£ 

[0 0 0 81 4fc. *^«'fe^Ji§rfflV^feJilBaCD^::l4 
V D 7° i/-^r-eS4«ril/j:W^SrfB«lk1-5 igjfeit 

50 
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[0 0 1 0] 

< t 'b!^m:Mt^<r>—UK [Au, Ag, Al, Cu) TC 

fi^Eisjti!lEWifi*ifii'l4i^1g;v ^' ttslsKc J; o t 

[0011] ffiiil:/i*t»(DS:ft:{fyt ttfi. (1) [A 

u. Ag. Al, Cu] 7cmm^i>m^^tifzi}>f£< k 

1 aiS<05c^ i: V [Ge, Si, Sn. Pb. Ga, 

In, Ti, sb, Bi, z n:i ftrnmA^hm^^Mc 
'j^t£ < t 1 mmm7i.m t ^^i^^ t -r ^t^-Mj^w-a- 
(2) [Au, Ag. Al, Cu] jzmmn^ibm!.^ 

iVfi{p'ti:< thimmOTcl^t. [Ge, Si, Sn, 
Pb. Ga. In, T 1, S b, B i' Zn] yimmti^ 

(3) [Au, Ag, Al, Cu) 7£^^*»tjjg«^$tlfc 

'>f£<ki,iWm<07im^±.f§.^kir^mm:k. [G 

e. Si, Sn, Pb, Ga, In, Tl, Sb, B 

i . z n] jmmii^hmi^hti&ti< k'kj\mm<^7i. 

nmW\Z.Xfm^k\,^i,<D. (4) [Au. Ag, Al. 
C u] 5c«ll^>e>S«^^afe'>^C< 1 1, 1S1®(D5E^- 
[N, O, H, He, Ne, Ar, Kr, Xe] 

[B, c, p] 7tmmt^hwsi^ntz'pti<th\mm 

(DUMt^-^ts^tO^ (5) [Au, Ag, Al, Cu] 
e, Si.. Sn, Pb, Ga, In, Tl. S b, B 

i, Zn] ^mm^hm^^it\^tz'pfi<b%iiwm<r>5t 

^hii^^kl,. [N, O, H, He, Ne, Ar, 

Kr, Xe] 7mm^hwsi^ir\>tipfi<.bh\mm<o 
7c?gtL<j± (B, c, p] Ttmmt^hmtmntz'p-fi^ 

< t 'fj 1 mmoTm t *#tri (6) (4) , (5) <r>P! 
nxh-^x. iS-^ilM^^tsi©, (7) (4). (5)ro 

(8) [Au, Ag, Al, Cu] 7C^S^d>e>giJR$iXfc 
'>fi<b^im^<o^mi:±^^kir^imk. [G 
e, Si, Sn, Pb, Ga, In, TI, Sb, B 



(5) 4t^¥5- 1 6 9 8 1 9 
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mmm^hfa 9 , Kttifrro'>^c< 1 1 mc. [n, 

O, H, He, Ne, Ar, Kr, Xe] S5!lffif;5>fe^ 

^^k\,tzo^fi< bi>mm<n5tm. i>u<i* [b, c, 

trt<^, (9) [Au, Ag, Al, Cu] Ttmm^fbm 
^^infz'pt£<b%\mm<r>^mk. csc ti, 

V. Cr, Mn, Fe. Co, Ni, Y, Zr, Nb, 
10 Mo, Tc, Ru, Rh, Pd, Cd. Hf. Ta. 

W, Re, Os, I r, Pt] ^MUi}->f=m>Si^iXtzfp 
^i<it l^©5c^i:?r^Cpt(0. (10) [Au. A 

e, Al. Cu] 7bmm^hmi^intL'pfi<bhim 

WcdTC^i. [Ge, Si, Sn, Pb, Ga, In, 

Tl, Sb, Bi, Zn) ^mm^hm^^mt'pfii< 

khimm<n)^m%:^^'^bL. [Sc, Ti, V, C 
r, Mn, Fe, Co, Ni, Y, Zr, Nb. Mo. 
Tc. Ru, Rh, Pd, Cd, Hf, Ta, W, R 
e. Os, I r, Pt] 7tMm*^^m9i^i\^tz.pfi<.b 
20 "b lffi«<07c^«r#trtO, (11) (9), mff>mPrX-1h 
oT, ^W-i}]^\^i^-'^m^^^'i-^ii<r)^ (12) (9), 

{\0)(Di^PrX-hoX^ }m-i5^\^m.i&t^mtLx^-'^h 

(13) [Au, Ag. Al, Cu] Ttmm^hm^ 

^tifzpfK b h\mm<j^^m^^i^''^b^m^b. 

[Ge. Si. Sn. Pb. Ga. In, Tl, Sb. 

B i . z n] ^mmt^hwsi^i^it'ptt < i 1 1 mm^ 

7tm^^^'^bir^m-mb\zii<>xmm.^ici^2m&,±. 

[Sc. Ti, V, Cr, Mn, Fe, Co, Ni, 
30 Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, C 
d, Hf. Ta, W, Re, Os, Ir, Pt] 5c^8¥ 
t-hmR^^tz'P^K k i iSPcOTC^t^^tf few. 
(14) (l)~(13)(r>*ti|S|^T?*>-oT. mMJii 1 0 0 OtUi. 
^e**;4S5 OW/m • K.'^XV. %WiM.^i>^ 1 5% 

ik^b^^o 2'^<o%.W(o')%<opfii<bh loco^ft, 

J; 19 * L < ii±iB 3 m^^^xmtz'i- h w> ^m-r^ 
[0 0 121 mm<n>umi3^x^mt^fi<o\i. mWi(r> 

^^m\'-fV yyi—^yV ^3r\,1t%m Vyy^ lifp^<> x 
40 /<J\':^'i;k(r)%:^^-/V^^^^\,tck^ . V"</l'COJfcai 

m(r>±.mi.^b^zm<r)m^i^^m-f^ t^i-. 
(1) m^mm^^ir^mmm^'pfi< bh-mc^ 
mwmt^^L^-h<r>^ (2) im.m^[zm-t^wMm 
(r>^pf£<kh-m^. mm.m^mM^tz\mMi^^t^ 
(3) Wim^%\z.i^^%mmoypft<b%>-u\^ 
^m^^±zz%,(D^ (4) mmnmm-t^±.^mis.h 
L < i-tiMmtfrn 4> . L < ymmMM k tmm 

50 fife^nstw, $rfflV^5;ii;!)S-C$5. Sfe^ 
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[0 0 13] *i3. #S¥^?a*<CJ:-oT^<r^iSM*Sr 
\t. Au, A ] ?Sirt3^J5!i-C'S)5o ^fc, J;9ifi/^#a 

[0 0 141 '^«to!sa#4;^s*l;lo^^Til, &m.(om 

f:^, [Au, Ag, Al, Cu] TtmU^^m^^^fri 

dSHBSt ^nfcSliiJcoSM* t S^j: w i ic J: o -Cff 

^(0^^b^3t^e«]t^g!^tti1-^ t J; o rffl^gcoS^S: 
[0 0 1 5 ]' ^ ^C:, •[ff$gKi!:SS(co^^Tla. jtlt* 

-C. 'Mi<h\>^^-)3^<r>—%\,z [Au, Ag. Al, 



C6) i^ffi^S- 1 6 9 8 1 9 
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[0 0 16] 

[■f^ffll t ifl^ffi*^(Rl<0-fPiC [Au, Ag, A 

1, Cu) 7tmmi)^hmiR^tifc{!^-fi<ti,imm(D7t 

tt«.R!H-^&7 0%W±lc:-f-5ri!is-C-#5„ ^fc^tu 

20 to 0 1 7] Lit^i-ox. mmcoit^-mi^y V y 

^mM-t^h. =t<r>mz.t'iX%tm-ii^mi^\^xW-^fSi 

h~uhn.PM<om.m^khfi'z>xmi-f^. ^tmvi 

WSr \JXW-^im-ik\c.^ii'^-t'JWM^^^^X\X. m\%<r> 

<HJrjiatiJ^B!c-rSCtCJ;oT. 11 Tit^lBliit^o 
{t-§-lEiSS4 6 0 %JiH±lc:. 3 Tit ^lB@!l#(Dffl ^^iS 
S*3 0%~7 0%(--rs:ii;4sr'$5, J:oT, 

[0 0 18] ifc. S«cofs-^ffiic:/y 7;i-— 

^!4S7 0%JilT(-{B;T-r5„ L;4^t. S«*fcttflS?J^ 
1 1 Tm^BHmi*©it*3glS«4r 6 0%£H±t;:, 3 T-ff 
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10 0 191 ?iJb\ ft#^ia^w:^:/hfc*tJ^^SrRtf 

m^^oxmi^-t^^'^icn^ ^i^^n(ommx'ff3m^ 20 

[0 0 2 Ol 

[ 0 0 2 1 ) Hi \csf^ 0 ic, :^m(D^mm.tmmp^ 30 
L> ^is^i3<^*ffi («^i«ij*>6.mTteife/i3o* 

[00221 a*S 1 (4. m^H^^ y h, d< U 

5 a li. El 2 (c^-^ J: 5 (c, 1 1 l^-£?*?3i^#4fe 

zti>X'^^L. 0 3 (b) (^;g51-J:5i'U^Jf^icJFM 



#111^5- 1 6 9 8 1 9 
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6 0 %£X±X\ 3 Tft^te^^fOlf ^^M^dS 3 0 %~ 

7 0%w®B(::7'£<ri4*f>/j:i/^/6>^>, 1114 J;t3, CD 

LtLb^. X/8n~X/'3n\zmiiZ$nf£<XftfJ:b 

1. 2jum»cmfi)c$ti->tc<THj{c6./j:i/\ /j;^3, i^i^it 

[ 0 0 2 3 ] gegfeJi 3 14, [Au, Ag. A ) , Cu] 

j±. (1) [Au. Ag, Al. Cu] ^^Piir^tjSiJRS 
i^f='>3'i< 1 1 lfllS©7C*t, [Ge, Si, Sn, 
Pb, Ga, In, Tl, Sb, Bi, Zn] TC^^si* 

ii|)-M^(?3'^:^, (2) [Au. Ag, Al. Cu] txM 

JiJ^>p)S*i^^^fc^!^/j:< i-biS^BOTcmis [Ge, 

Si. Sn, Pb, Ga, In, Tl, Sb, Bi, Z 

(3) [Au, Ag, Al, Cu] Ttmrnii-^^ 
msi^i^fL'Mt<.h\>\m^<o^^h, cn, o. h. 

He. Ne. Ar, Kr. Xe] "K^mt^hWR^hftL 
^j^!V:< 1 1 ili?«(^7C^, t)L< H [B, C, P3 7c« 

W^<r>^^^ (4) [Au, Ag, Al, Cu] 7C^?*A> 
bS*^$*t/c'>/i<t'Lli|^<D7C^t. [N. O. 
H, He, Ne, Ar, Kr, Xe} Smip/4>e,SiR^ 
*bfcii^j'*< tt lSli©5cl^, t,L<l4[B. C, P] 

^:^-e&oT, ^immM-->}mz.^\'c\.x\^^m\s 

(5) [Au. Ag. Al. Cu] 5c^gp*>e)iitR^?il3t 
;J'Ji< 1 1 IfBgCDTC^i [Ge, Si, Sn. Pb, 
Ga, In, Tl, Sb. Bi, Zn] TC^Wfd^ibii^i 
$nfci!?7'j:<i1>lSS'^5t^t*±^^>i:L. [N. 
O, H, He, Ne, Ar. Kr, Xc] 7G^ff^*>ej3g 
i)il^ixfc'>7[e< i:t^ lS^WS^t.L< 14 [B, c, 
P] 7c^Sd^e>SW$nfc'>?'j:< it>lffl!®W7c^tS: 
-ttrttO, (6) [Au, Ag, Al, Cu] ^mm^h 
a#?$Hfci>^t< it Itt^WTC^t, [Ge, Si. 
Sn, Pb, Ga, In, Tl, Sb. Bi, Zn]7C 

mm^ e>)ij^5 fifz.'pfi: < 1 4, i a^i^s* h 

iL, [N. O, H, He, Ne, Ar, Kr, Xe] 



(8) 
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[B, c, p] 7Lmmt^it>mn^n,rz'pfj:< b^, imm 

Tl/>5#)P-|-. (7) [Au. Ag, Al, Cu] 7D^P*> 

i, V, Cr, Mn, Fe, Co, Ni, Y, Zr, N 

b, Mo, Tc, Ru, Rh, Pd, C d , Hf, T 
a, W, Re. Os, I r, P t] TcMm^^hmiR^it 

(8) [Au. Ag, Al. CuJ 5E^SA>^«^i$i^fc 
i!??te< i t laiSOTc^i, [Sc. Ti. V, Cr, 10 
Mn, Fe, Co, Ni, Y, Zr, Nb, Mo. T 

c, Ru, Rh, Pd. Cd, Hf. Ta, W, Re, 
Os. Ir. P t] ^mmti^bmi^tlit<}>-f3:< thl 

-fbUTV^Stf*!-, (9) [Au, Ag. Al, Cu] TCSK" 

Si, Sn, Pb, Ga, In, Tl, Sb, Bl, Z 

l&i^tL, [Sc, Ti. V, Cr. Mn, Fe, C 

0. Ni, Y, Zr. Nb. Mo, Tc, Ru, Rh, 20 

Pd, Cd, Hf, Ta,W, Re, Os, Ir, P 

lJi^—B^<ommy (10) [Au, Ag, Al, Cu] 

^mmii^ (i>m^ ^i^ffp^i < 1 1 1 mm<07tm t. [g 

e. Si. Sn, Pb, Ga. In. Tl. Sb. B 

1. Zn] 3^^ffl*>?)m$i^^td?7'i< it l««(07n 
SSri^^tL, [Sc, Ti, V, Cr, Mn, F 
e, Co, Ni. Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd. Cd, Hf. Ta.W. Re. Os. I 

r, pt] 7€mmA^bmn$tiTz<i^f£< thimm<07t so 

(11} (l)~(10)<?5W|^T-fooT, ii^.dsiooot; 

iJtT. mBmm:^> 5 ow/m • k£/.t, %miRmi- 1 5 
[00 241. ttc. mn<Dsim:)j^r"^mthfi bii, 

•3ll!f«wii!a*'fif/d:fc*T-Si©, (3) s^SEJ^asiJiS-t^ 



1#li¥5 - 1 6 9 8 1 9 
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«(^iiss;4SfT'fej3it5to, (4) nmm\^^-t^hm 

StEl<^lf^E2lC7°!J 7;*-— h$nfcmrtm 
5 a (::f&o-C^^/w:x^^(D3ferc:;^/i.dfS:^atfci:^. J: 

[0 0 2 51 t^>5^±lE3E^iyi#3|snctt, sfedPTcs^i 

LT. «r!lx.«Te, Se. S, Hg, As, Po. /^n 
[0 0 2 6] [N, O, H. He. Ne, Ar. Kr. 

xe] 7cmmi»^m^^irL?>ycm. *jj;tj« [b. c, 

p] 7£*sp;a>e>^*^^tiS75mtt, '^^m.^^m-^it't 

SSb*^. #^A^«i1i»S^{t?rii-r3S)*=tto, [s 
c, Ti, V, Gr, Mn, Fe, Co, Ni, Y. Z 
r, Nb, Mo, Tc, Ru, Rh, Pd, Cd, H 
f, Ta.W, Re. Os, Ir, Pt] 7ummi>^<bm 

[-0 0 2 7]. ±se (N, O, H. He. Ne. A-r , K 

r, Xe] 7tmmt^^m^^thtz5tmi:^tffE.m»\t^ 

yMxii{-tL\/\ :itL^<o5*)N, o, Hf£i^a, n 
: , Oe , Hz 2r-atfM-&;f;^ (p!jx.li A r -Ns ii'g' 

^'f **5ro/Ji0*H/\ [B, C, P] 3cSW!5»&S 
^!l^J^fc3C*, RtJ^ [S c, T i , V, C r, Mn. F 
e, Co, Ni, Y, Zr, Nb, Mo, Tc, Ru. 
Rh. Pd. Cd, Hf, Ta, W, Re, Os, 1 



(9) 

15 

[0 0 2 8] AimBmm^ooh. J: "^JJTS Uv^tiC^ 

\x [Au, Ag. Ai, cu] ^mm^hm^^^tc 
u, Ag. Ai, cu] 7Gmmfi>^mn^tifc(^tii< t 

[0 0 2 9] [Ge, Si, S n, Pb, Ga, I n» 

Ti, sb, Bi, zn] o'>ibx^[i. mmm^-^h^^ 

9^.T- [G Si, S n, G a. In. Z n] MT-^ 
e, Si, Sn] ?&>J: tV\ [Au. a 

mn^t^^?j^xAu7im^L\^\ Ag, cu^sm^ 

[00 3 0] [N. O, H. He, Ne, Ar, Kr. 

[Sc, Ti, V, Cr, Mn, Fe, Co, Ni, 
Y. Zr, Nb, N4o, Tc, Ru, Rh, Pd, C 
d. Hf. Ta,W. Re, Os, Ir, F t] <r>o^ 
X\±^ [Ti, V, Cr, Mn, Co. Ni. Nb, M 
o, Ta, W] ^WSLV\ 

[0 0 3 1] L^^yum^om.-^"^^. S n i: A u 

[^xm$ti^-h(Dm^h^i tv\ 

[0 0 3 2] Au, S nyMA-MBbMCcMDnME. 
fcfcL. MAIi [N, O. H, He, Ne. Ar. K 40 
r. Xe] 7tmmt)^it.m^^ivfz<i^ti:< i:i>^^irM>l 
^fO^^m. MBfi tB, C, P] 7C^a¥?5-^igK^*Xfc 
6i^^Jte< t ^>V^-f^X?&=*l MCft CSc, Ti. 

V. Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, 
Mo, Tc, Ru, Rh, Pd. Cd, Hf, Ta, 
W, Re, Os, 1 r. Pt] immfi^hmSi^fltL& 
35i< ifcl/^Tix^ei^locOTC^. MDfi [Te, Se, 

MEliAu, Sn, MA, MB, MC, MUXM^t 
ihhT^mSkfV(OTcMXi^^^ ±SMEX'^$ix57t;*t 50 
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UTt^S. MX-(^As, Po, Hg, ^^^>5?^>7l:;|{^^ 7/1- 

5. ifc. MA, MB, MC. MDT-*i:?$n^x*(^ 
bh. ^»f^05^^:a5|^tr^^:b^^TV^^^^(^^i, ME# 

[0 0 3 31 ±|E(D--fig:S:«c*3frt§jS*x, y. a, 

b, c. d, e ci^^^^o^fl-^^^L, ym<r>mm\z. 

[0 0 341 1 0^x^9 5 

5^y ^9 0 
0 ^ a ^ 3 0 
0^b^3 0 

0 ^ c ^ 3 0 
0^d^3 0 
0SeS3 0 

[0035] 20^x^90 

1 O^y ^ 8 0 
0 ^ a ^ 2 0 

0 ^ b S 2 0 
0^c^2 0 
0^d^2 0 
0^6^2 0 

[0 0 3 61 3 0^x^8 8 

1 2^y ^ 7 0 

0^8^15 
0 ^b ^ 1 5 
O^c^l 5 
OSd^l 5 

0 ^ e ^ 1 5 

JilBfiO^a^id^^l^r. e ^ 0 X^i%i'£^m7!t^^BXh 

So 

[0 0 3 81 ISSi^Ji3i*3l::isttS#^^i^<?:>^>* 

Ti^"^TfeSv\ M;it^. Se. S(^o^/^T(i. B^MS 

y^O^.X0^L^\ 
[0 0 3 9] i^mM4\±. Wi^\±A\N, AKO. , S 

1 N, s i o^^j:t'(DMmm. t.tcit^mititmm. 
m^m^mm^j:^<D^mtfmi:h^xm^^^^. mm 
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u^3^,-e»*Lv\ jSi^Mtt-ISffllfi, ^f^ito^^iaj; 

<©fi^ffltt«f]9gl^^J^^KL. IfcV^T*, A IN, Al 

= o,, s i N. Si o^fi:}£<nm^m^. ^fz.\m¥M 
[0040] ±IE5ElfiS 3 tJilt/^MM 4 tt. fJi|;tHK 

[0 0 4 1 ] (^2 *lgPJ(C«J53tft$RlBii^«S 

cO:B:#:^!li: Lri±> (1) [Au, Ag, Al, Cu) ji 
-rSMii:, [Ge, Si, S n, Pb, Ga, In, 

T 1 , s b, B i , z n] K.mmA^hmn^i\.tc&^£< 
ini>2m0.}i(nmsm^xm^^thi,i,(o, (2) [a 

u. A 6, Al. Cu) 5c^»f*-t>3i#l*nfci!>>fe< i 

himmto7tmt:^^ti-^mi^:t. coe, si. 50 
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Sn, Fb, Ga, in, Tl, Sb, Bi, Zn^TE 

mmm^(r)'pfi<ti,\m'<z. (n, o, h, h 

e, Ne, Ar, Kr, Xe] ^^mA^^MU^iXf^'P 

fii<th\W^^7i.^^. iL<ii: CD, c, p] ftmm 
(3) [Au, Ag, Al , Cu] Ttmmii^hmi^ntz 

e, Si. Sn, Pb, Ga, In, Tl, Sb, B 

i . z n] itmmfi-^hm^^ixf'&fK 1 1 1 mm<r>^ 

c, Ti, V, Or, Mn, Fe, Co, Nl, Y, Z 
r, Nb. Mo, Tc, Ru, Rh, P d , Cd, H 

f. Ta.W, Re, Os, Ir, Ft] TbmW-A^^m 
J5l^nfc/>?i< 1 1 iSfflW^^^-^tft©, (4) J:IB 

(i)~(3)(dmwt-$)ot, m^i^ 1 0 0 ot:jii!,T, iie 
L<(±h.m3^n-i:^xmn.-th<'>. ^mi-r^:iti'^x 

iifclBS h 7 ^' i;ift'PT/-?/vx4i;(©?t3i^-/i'^Sr*a 
(1) ^^Jf^aSfcg^-rSfE^/i© 

a^sfcim^^rics'bo, (3) f^'Sj^sBi-ffirsfH 
[004 2] <m 3 *tei?j> ^^m\c^^6mwL^mm 
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[00 4 31 <^4KffiW *l6B^l''^55tWSlSBi^g| 
#:<om■4^1fi^5i|S:. El 7 iCioTliig^tS, il7il*^ii| 

3 *JS{!3J(D5ttt^lE®JSfi^CO i 5 (cS^g 1 (Off ^iD 2 \z 

m^^m 1 1 i&BSit> z<Dmmmm 1 1 ±fc*^ife^s 

1 2*ISjg1-5rit.-et:$. tfc. la7lc^^v^TtfE 

^2, m3^JSi*iJtl^CT*&S(0T\ a«Sri8Jt5fc 30 
[00 441 <^ 5 IISS^?iJ> 

ill 3^?f$fi£-t2)i^St LTfi, Au, Ag. Al^iif 

fE®g£#«0 j; 9 {1. «fccDifJ^ir)Sfjgfli:;!,. t,fHi^® 3 & 
*fcl§l8('i3i,N-C{4fBftil3iS 

fS^M^lsco J; 0 CiSte 1 tDff -^s 2 immmm i i Sri? 

It. ziD^^mm 1 1 -tfciEfiUi 3 srffiji-rs ^ t ^t- 

^wfiiJ-ot^rtt, ±^^l~^g4|ltfe*aji: 
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[0 04 5] {^e mmm ^mmic^^m^mmm 
icm?)%^mmmmw<owMmmmx'h-ox. mih<Dm 

1 i:m-r5ai5>l'l^-(04^^:<i5-^^§ix-Ci,^5. 1119 

ATIE&S 3 <^Wffi«t-. "tTBl^ 1 4 irRMS 1 3 i: iS: 
IW?5cSf)iLfcri:?ri|*mti-5c t'lia® 1 4 WfJiJSrW 
St. Ce, La, Si, In, Al, Ge, Pb, S 
n. Bi, Te, Ta, Sc, Y, Ti, Zr, V, N 
b , C r , wi:'ot£^mx.<o mtiX,tz'Wi < t l 5cS 
lOlf-fkife, Cd, Zn, Ga, In, Sb, Ge, S 
n. Pb, B i ii9?i£5ll<tt)jUi*1,fc'>/£< t ti iTC 
^<^B!['fb^*t(4-fel'Vftft. Mg, Ce, Ca^CifO 
Si, Al, Ta, B?lCi:'«^tt. B, Si 

fihhnXh^iX^ mTLlt^^-^iP'C sO^, La 
5O1. S i O. SiOa, InsOj. AIzOj, Ge 
O, GeO,, PbO, SnO. S n Oi , B i j . T 
&Ot, Ta^O., Sc:Oi, YjOi, TiO«, ZrO 

ViOs, NbsOs, CtjOs, WOi, W03. Cd 
S, ZnS, CdSe, ZnSe, IniSi, I ns S 
63, Sb2S3, SbtSes, Ga-tSs, GatSei, 
GeS, GeSe, GeSe^, SnS, SnSs, Sn 
Se, SnSes, PbS, PbSe, Bi^Sea, B 
isSs, MgFs, CeFj. CaFj, TaN, Si>N 
t, A 1 N, BN, Si, TiBj, Bi C, S i C, 

B, c^0 9^<^?-#(rJav^|fi^^!c;^r#ofct(7>. tiS:x^:L 

st;:iff^^^>ro;^l^ fflifT45j!iiji^?'<c::^:$ ^T-md'S^Tfe 
^M-.xm^h\>\ mt^X\t. SESM^!iSfc*9ili< 
*i<> ^;4Sgg^;?^.ogS|lT'3b5^-C, TaN, Si 
3N4. AIN {a{tr/W5-'?A) . ifcfiAlSiN 

SceOj, Ce02, TiO::, Z r , S i O, Tai 
Os, I naOs, AI2O3, SnOz, S i Oi (Cjav-M^ 

<o\,m^n^ Lir\ s i (07K5!iif^tj^ia«"bif * t 
ijijiiflimii. Au, Ag, A\-fi}i<r>±m^mpm^^tb 

*fclll9 (::*iv^-cHgE^l 3 jO^SiS i Jii;:ilg7f$fi!t^tv 
-cv^5;4\ » 3 ilftesjro*^^feft!!IE^co £51-^^1 

<oii#ffi 2 1 1 5:i§:it. ;^<!ofi^jg;i 1 1 ± 

<03feif $RiH©s«*<?? J; 5> t£« 1 cm%m 2 (ciia^j^s 
1 i*5j:u=/*fc[4^rm«Si 2Srss:it. :me5<7>5S 

Tit. ±.^f^i~%A^mtmzx'ib^<r>x. affi^fc 
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[0 0 4 6] ■tnmmm^m.i:. ±iEtf«fe^^^ 
[0 04 7] n 1 0 f±. ^^m\c^.^;!t^ms.mmw.(D 

10 0 48] t&H^mWl^2 2, >lt<^uy:x:2 3^ U^-f 
^etc^ ^ia 5 fc © 1 1^ i: {, WSrffl t ^-5 :i i: 

[0 0 4 9] ft^ji2 6i:LTfi. CD-/^— V. 

— KT'v— i'. ^— r-f :^7^-yr y^, ■7-y':t. VD 

[00 501. lE^t ^^:4:|Hlf & 2 7 tt. m-^m 2 6 tj 

^fc|^. :L(Dt ^i^^MM^ mi 1 (a) } SrCD^V 
DT'SSffl$*l,TV^5g£ia:^^C (m(±'; CDT-ilEFM 

^•§■{1111 1 (b)}*tb;^i-f.5, 
[0 0 5 1] l'-1^'KStllHlK2 5f4. mil (c) 

t ~AS:3tti$aiBS«£#: 2 1 IdRBS^-fS J; 5 v-1f3t 
[0 0 5 21 :ii"e, ±te®V'</KDU— i^'lf-A^03fe 
•tf tgfiB^^*: 2 1 tDS#^^S5^^K L V ^ J: ? Tifill^igs 
3*jgHc, 3t1t^ffif^j8E<i|s 2 1 e>iafcieiil 3 <r>m 

£D*tg 1 (om^m 2 s fcttHft^ji^ji 6 (jy^im stm-r 

[0 0 53] 1 (Olf^ffi 2 * /cfif^^f^l 6 
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fi«)3£?f^ *4 D 5 5 its. 

[00 5 4] (3)S« 1 <0lH|-ffi2 tfzim^m 6 WE 

[00 5 5] ®s« 1 <ojt#B 2 * tzi±m^mm e (Dia 

[00 5 6] ©Sts 1 (jymi^^W^. Stei 

[■0 0-5 7] iifctc, -lilESISSrffil/^fcpfc1t#Se^#iO 

[-0 0 5 8]; <iEiis^maro^ 1 W ±fa<Oj; 9 

SHfc V— -t"-* t'-i. 6 ^Jr-hE^rtffi 5 a ±{-*^ 
•f-Siv !^'b'-J^;S5.^,J^=j■$t^fc^^3•^:- 
=^=-{'i^m^*x, •?-tDf5ifcJ;oTill 2(c^-rj;9ti± 

t^np^m^ ^trnwr^^Kx-m^tim^fi^. tit. z 

ro 0 5 9li[5{l 1 1 (d) IC, ^-fgaiEStM^a UrlH 

f'(r>x\ lStB»W#(7)® V'^/K/5rja4&l4g*i J; cj^i^Tte 
•r!fe^*>fiSl^sf?lfIS3 2(^>Btiiffitm«i:tci£D^^$B 

J; 13. 0Tarott«i)s. s.Mm<Dmtt\^x%mm»m 
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[0 0 6 01 z<Di:^izLxmmffiiBm^ti±^mmm 

mil (e) lC7]^-tJ;9t. ii'^'<?5CD4fcl4VD 

^f«£Off^;4s^fjc.4^Sc ::::T\ is^m2 6tLX 
CD7V— 1r^rfflV\ It-^WjSfilsi LTCD-ROM 

(f) ic^-fi^tiiJiSo 3 3;45Eiit'-:/ hT'fcSo 
lSUfc?f^T«$i^5, H l 2 {^ist^tli. 

[0 0 6 1] <fE^H4i?jgc»ii 2 m) mmm 3 

fiJF^m $ nfc3tii^i5S!!iEfr(C * ^ T 14. S 1 3 

[0 0 6 21 <iE^s^mroii 3 ma mt. 
m 3 i-m^mm'Dmit^mim-^mmt:^ c s r t ^te < 

Hi 4fC^1-J;9Jc:, i*U"</K?3U-1ff-A;SSflg|f^$ 
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[0 0 6 3] )'j:i3. tJi^^w^i^ms a Wjg^^tii, £.-f 

&mi)mm\^ti'=>xhii^\ miiacoa^it 

■^\Z'o\,^xm?^^ixx\,--hiiK ^mBm^^t^^-^iz 
it^i^n^ii^^xztommMmtmmh, ±:'^tmm<o 

[0 0 64] {mmn^w^m<o^ 4^) w,a m\t. s« 

[0 0 6 5]|llll (a), (b) , (c) C0j;5t-L 

=¥'-{-iE#i§n. ^<Dmci,':>xmiif)^w/^m-ri>. 

r©i:t|S^LfcSfx(cj;oT, Bl 1 6 (r^-f J: 5 
fc_hIBf2&®3fD-SlSt^J^t, ::(i0^f^g|5(wffifflt' 

[0 0 6 6] fjits. mw4k<r)mfHm5<Dmm±. ^j-tl 

5 [c. s« 1 tmmm 3 (oreii'SpA^jsAg^^nr t j; 
i^^t, mmM3^KtimA7!iim^^Hx-i,^\,\ t>*>6 

<o^%(D2i3mEX±.\z'^.mAimi&^tixi,x\>\ t 

fc, fSSI:® 3 1 i g L ^-KiJtt. tB®@ 3 A^JtS 

SiSsA'tmi^m^^m-^icftm^Lxhii^^L. t.itm 

[0 0 6 7] Sfc, ill 8 (a) , (b) (C^1-J;5 

tt'E£<, 018 (c) ti^-f-J;?;;:, 2o4y.±»^?ll*» 
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[0 0 6 8] ^ti5)A(t, m^trtnmm^m. bE^jico 

^^<Oim.i±. ^-ft**, tK^-. ffifS. H 
:0, Ar, CO. Co-JjiEX'^i,^ ^^^tUtmmi 

[0 0 6 9] -ASi', ^titase^^i^fc, fTfe^ei* 

S^S*S*)S [|Kl2 0 (a) , Cb) , (c) ) . Lit 

;*ioT. 5 7-U'r>K^mi- 7 0%JitT«*:(i*Jl'^T 

%<omW<r>m^ 1 1 fE^S 3 <r)^ic^mAi)m^^infc 

SSAOJS^^^JK) 1 0 0 nm~2 5 0 nm 

Sesi-^Sr 6 0 %JJl±{C, 3 TfUg-IBft^cOS^^igSSr 
3 0 %~ 7 0 %(C-r 5> r 1 1i^X'^-^^ 

[0 0 7 01 jiiTfr, :^wn<r>^<Dummi:mmiri>. 

( 1 ) ±*^T-|l. Igrtig 5 a i:fcit««:SB«fe-f sm^S: 
asiififit^jg* i C S i t J; oTit«*ga^-f S r i 

[0 07 1] (2) ^iflT'lt. ® l/'</K?57fe^;^vV'3p# 
[00 721 (3) _h{^-Ctt, Igl^lflEs aroiEJ^tBE^ 50 
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[007 3] ( 4 ) h^dtitiVTfi, ftSEEfflfeSffi* 2 1 

[0 0 7 4] (5) ±.mXli, CD-ru-^hL<\iV 
Sr. ^coftcogB^XiOOOttiSSrfiJt) ^T5. ^,^iJ(*5t"' 

■k.^mmi^^^m^Lxmrn'^n^-'^'n 5 ^'-f -/wt' 
jg-g-ictt, ts»is^i§*iHi)g 2 7 ^iiS^M-rs i tc 

[0 0 7 5] (6) ±^x'(t, r^:^i'■^^mmmmzi^l■ 
mfmmi:m^^ t o xmm giE«i:SE»g|5 2 2 7i if 

[007 61 (7) _hir!iT-Ws ^mmmomm^mK t 

[ 0 0 7 7 1 • ( 8) ±:«i!|T?l±, S« 1 (Dmi±mi't>-k. 

':>xm^■^<^'•->5 a, 5 bSrJI^^SU. 1t«(^ilBe*5-r- 

t€iJ;5{cUfc7>s 112 2{c:*-f-J; 5(-> Steioffi^ 

^H^^6S:ROMfi@^ll(4 1 t jiSW4 2 tfC^J-tt, ROM 

[0078] £JiTi;i. J: !? Mri^iH^ta^mimL. 

(HS^Ml) egl 2 cm, 1. 2min(0^y* — 

{'Atl, »Mrl3^TS)5Jf:S^i5»v»8 0nm©Au 
rSI-^Wb^JlUr i; S^SSIJi ^ 1 0 0 mff^m^im^ L 
[0 0 7 9] ilEi^i^tcfML/t^tlf-f :^i?$rffll/^ 

fi7 8 0 nm) 03t^rfB^ii^tft>^^5^C^'^^"<7^ (l«J 1 m 
W) [^iSofc, -iOJtSrlH^'v.^ K+rouvx'T-ftJtL 
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[0 0 8 0] s^^^{?i)-r-(±, 1 mWt U 

5. iaii^>°!7-4:7mWt L, ^JStlS:l96KH 10 

zOffi-^- (1 irm-i-) *la®Lfct^tC. i^7 0%W 

[0 0 8 1] •r-f;^:i'*^feJia2<Oj^ife-r'|B^«rttofc V 

[0 0 8 3] immi<r>wkm±. Bs^tt^itS4^T^3 

<? , 8 0 ■TCtt^mJS 9 0 % W|g«Tlii 1 0 0 0 Kfftl 

[0 0 8 4] Au<0-gB*fctt^g|5Srg^LTA 
g, Cu, A 1 Op-t)C0'>^c< l:S^*J8sA|iLT 

[0 0 8 5].^fc. ±fe(^jt1t^lE^l!Sf*(C*iV^-C, S 

Tl±. CeOj, LsjOi, SiO, SiOj, In 
sO», AlaOs, GeO, GeOs, PbO, SnO, 
SnOj, Bi^Oi, TeOi, T a s Os , ScjOj, Y 
:03, TiOj, ZrOs, V2O5, NbjOs. Cr 
= Oi-, WOi, CdS, ZnS, CdSe, Zn 

Se, InaSs, In2Se3, SbjS^, SbsScj, 
GaiSj, Ga^Ses, GeS, GeSe, GeS 
e:, SnS. SnSj, SnSe, SnSe^, Pb 
S, PbSe, BizSea, B i . S> , MgFz, Ce 
Fi, CaFj, TaN, Si3N<, A 1 N. BN, S 50 
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i, TiBi, B. C, S i C, B, C W 5 ''bro— #(C3ff 
[0 0 8 6] ^bfC. «tgtLT. ijf 'J;«;-j}^:t^- 

[0 08 7] <^^«nj2) iiCSl 2 cm, 1 . 2m 

S*g±tfai^^-e*>6^^!55*«J3 0 nmOAu,. S 
[0 0 8 8] }:LB<r>);^r>\^\'M\^1t.%'f'<-?^^-%:m\-- 

7 8 0 nm) <r>%-^^mmt>i\.-fi}i^V-<fV (m 1 m 
I- J; or, m^^±l^mM,i^MiJ:oi^U^mA'^i:>^ 

[0 08 9] :^MmmX'\i, f?i5fe^<!7-^ 1 mWi L 

fcttJc, *5)l 2 0mv^)ffl■f•3ta;4^#b4^fc, i*:^-. 
fiB^''^7'-*7mWt L, ^jfe^l 9 6 K H z <D'ft-l§- 
(1 ITffi^) ?rlBfifeUfctr5, iBSilP^H^^Sti 

0 OmVT-feofc, 

[0 0 9 0] 7 2 0KH2 (ST-ff^) ^IB^L 

Tti:::^, ^t^^lt6^±l 5 OmViTiofce CJDt^lE 

[0 0 9 1] 7^^;^i:'j!i^e>3T«^SrfaSLfcb7S'^' 
[0 0 9 2] tiatll. S^mT* 
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urn. ^Umo. 7 fim-Qh-otu 

[0 0 9 3] ±12(7J|eiS®(C33l/^T> Au-$ffS (iS^^ 
(mV) *3j;tl'IS^'!7- (mW) l±, El 2 3 iC^irf-J; lO 

S (°C) (^M'te6KtS^fflt'^fctt> E^^^r?- (m 
(mV) *3j;tU>'-1'XV'</V (dBm) ft. I12 5{CS^ 

[0 0 9 4] :^mm'nm7r-Lfcmmi. mmmmch 
oo^mm^tz^r-ii, j^s^ii^v^mj^^tint/ui^ 20 

g. Cu, A. l<DohO)<l>-^Ji< tiilTim^miMLt: 

^g|5S:SJfeUTGet5j:t>'S i 5 ^><^'>7tC< t i 15c 

*fc[4:^§|5^g^LTP b, Ga, In, Tl, Sb, 
Bi. Zno0 9t,co/>/i< it l5c^5r^iPLTt. ^ 

lMllE»^att-^-^^£TUfc„ 30 
[0 0 9 61 ±iEc03te'[f^|E®Jt<*(ci3V^T. IE 

[0 0 9 71 4fc, ±|a<03tfS«|B<S:*Kf*{C*JV>T. £ 

f'f raJiSriattst, tailing*? i^iiLfco ^p^Jitt 

Ti±, CeOz, LajOj, S i O, S i Oj , In 
2O3, AliOi, Geo, Ge02, PbO, SnO, 
SnOj, BiiOa. TeO=, TaaOs, ScaOs, Y 
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